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PURPOSE: To detect a rotor position always accurately without being 
influenced by the variation of a rotation frequency and a load by a method 
wherein the rotor position is detected in accordance with line voltages 
between armature windings. 

CONSTITUTION: Line voltage generators 50a-50c generate line voltages 
between armature windings in accordance with terminal voltages Vu, Vv 
and Vw. The line voltages are amplified by amplifiers 80a-80c. A 
comparator 66a compares the output of the line voltage generator 50a 
with the output of the amplifier 80b. A comparator 66b compares the 
output of the line voltage generator 50b with the output of time amplifier 
80c. A comparator 66c compares the. output of the line voltage generator 
50c with the output of the amplifier 80a. The outputs of the respective 
comparators 66a-66c are used as rotor position detection outputs. With 
this constitution, the rotor position can be detected always accurately 
without being influenced by the variation of a rotation frequency and a 
load. 
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OclCA^Sft. cny««*88 0a, 8 0 b. 80 
c 6 < ) 4 . B5ia»BSE±««3 5 0 
a. 50b, 5 0cd>&G)fl» (ta*> »l©tt« 

6 6 a , 9 2<Dtt*i¥R6 6h. S3 0tttt¥flt6 
6ctCA^Sn^o fl£lt«»B6 6a. 66b. 66 

cc«, c:n6**»tteL'&^, &*o 
tttuu •e<Do-»4 2©»ttffiaK«iST*fi^ <n 

[0 06 6] C©a-*4 20»«4BOTUp . Vp 

4 5tcAA3n. nMMMi^a4 5a. eoisBifigfi 

[0067] KK, MBBES^McHMfcfe «fct>'tt 

[0068191 Q«IE«E£«*R 5 0 a B. fit* 5 
1- 5 2, 5 3. 5 4 4. *IB5 5t1?i«Sftr^ 

[0 06 9] -tbt", Ut|<Z>3fi^EVu 4WIBC0SH 1 

^ev w t*, c<z>js i v>wm3i±mm 0 a CCA* 

(BMW) $ni, 50 



(7) 3 1 88 3 

* [0062] C<0H*WB»«EVw GtfBfisa 

. - (11) 



... (12) 
&4V*K>Bff*El*, 
Vet) ... (13) 



... (14) 
[0070] Tfttafc, «mSEVw 1 £/r 

li. fetS5 2 : S:fH<i:*e(lsf§5 5<?>-A^^A^$ 
ft. U^JW-AWtB^^MEaWBASn** 
[007 1 ] C (DM 1 <&&MBE£tt^R5 0 a ttt, ft 

»<* n, tstS5 4*^a 5 sv+KiM=i-fr*>ti#m 

WWrab*. CCT?. tt$5 1 = ftia5 2 = R 1, 
*6tfi53=*Stn54 = R2 4*r&4. 9 1 
**«5 0 aOT)^ («E> V«mi «. 
Vw-u =R2/R 1 - (V W -V U ) . . . (15a) 
4**. *t*4l/t\ R2/R 1 SWWT 1 
*MI 3 ft fc W« - U tBH® BH«E« t * 
[0072] BBC, ff 2®OUIH5E£/a?a5 0 b 
«. B&5 6. 57, 58, 594. *8*iS6 0 4f«l 
fiS5ftTC j ** 

[ 0 0 7 3 ] * Lt\ ViB©S»6E V V 4 UIB©*^ 
^E V u \t , C <OM 2 <&»r«EE£fi&*« 5 0 b iC A* 

$ft*o 

[0074] ffi^SIVu tt, !Stt5 

l/tWweoo+AAHWAASh, SmSEVv 
t*. «K5 7*^ur*WBffl6 0O-A^^CA^3 
ft. VtB^AH-^UffloM-fSBE^Adft*. 
[ 0 0 7 5 ] C <DM2 4>*ffl5E&rit¥»5 0 b 4*, tf 
tt5 8^**iS60<^aB*«^4 - Art*a*4<Z>WK« 
»3 ft , iSta 5 9 6 0 <?> +- A*tt^6 KttB 

■»Ed<DSfl((c»»T*i:^tc«ifS3ft3rc, c*«^*^ 
tt»fl«Sr'*>* # CCT. Btt5 6=IMS5 7=R 1, 
iStt58=«»i59 = R2 4f *4. 92<D»BBSE^ 
tt*!85 0 DOffi^Vu-v 

Vu-v =R2/R 1 • (Vu - Vv > . . . (15b) 
4*** &*4LT\ R2/R 1 OikX'^X 
**B 5 ft fc U f B - V t|BOBB«S« f#"Cl a * 4 
[0076] PBttiC, ^3 ®KHME£A^S5 0 c 
tt. ttttOl, 62, 6 3. 6 4 4. f9«iS6 5 4r'<6 

ffi^ftrtr^o 

[0077]«Lr, wiicoaa^-sEVw 4 viB^tt* 



30 



40 
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10 



3ft<s* 

[0078] «-F*IVv & 16tS6 1 

ft. Wtltc»T^Vt|(J^^GE*4a*$ft&* 

[0079] c«a«3<oe«iwiE^**a5 0ctt, tt 

ft, JStS6 4#**ig 6 5 fl> + 

IMHBr*^. CCX\ »tfi6 1 = »ta6 2 = R 1, 
ttR63=ttfii64 = R2£'r&t. I|I34>BN«E£ 

Vv-w=R2/Rl ■ (Vv-Vw). . . (15c) 

t%z>o tt*±Ltr, R2/R iotttt**i«»t* 

Vw-u(qam) = ( 1 4-R4/R3) 
LT\ (1+R4/R3) ^ft-ClE*^ 
Htfg$-C«I3ft, V*mi <Vw-u(qairO 

[0082] B«K utT. *2 «MHH«S^A^IR5 0 20 
b Otitt V u-v 4*, ^ 2 e>lg<B*K 8 0 b CCA* 3 ft 
*24>NHI?R8 0t>4*, ttffi8 4, 8 5 4. 

Bsetxnwisftr^ w2<^*i*r^ 

Vu-v(qam) = < 1 +R4/R3) 
tft*. ttitlt, ( 1 +R4/R 3) 0itC£S« 
HM*t?WISft. Vu-v <Vu-v<qain) 4fc£SSfl!1« 

[ 0 0 8 3 ] FM£ U X. S3 <W»W«I££j»N3 5 0 
c OttlA V v-w M 3 <&m*m 8 0c tc A* 5 ft 
h. *3<0*4l*R8Oc4*, *6tft8 7, 8 8 4 30 
B8 9±-C#WSftTl**, 3r30>*e*S^R* 
Vv-w(qam) = < 1 +R4/R3) • 
ttlil/t:, ( 1 + R4/R 3) 4>ltC£S& 
HMWrWIiSft, Vv-w <Vv-w(qain) ttiZfflftn 

[0084] XIC, fttttt^B^ftfftco^-CBMtcit 

[00851 *1 S>it*2**86 6 a«, M2CDW» 
R8 0bOJB*Vu-v(qain) 4B 1 ©WB«E4«*R 
5 0 a<Ptftf}Vw-u 4#tt;$3t3ft, Vu-vtwm) £Vw- 40 
u ©M(CLowi5 <p-u^;KD*E) #tB#3ft, 
Vg-vCoam) <Vw-u<Dn^H i fir hBEE <>W 
(J>SE> ^tK*5ft, CftKJ: (BBttB 
ff^> Up 7»£A3ft&« 

[0 08 6] fSJWCOT. a52<otte*K6 6b-cti, 

SB 3 CD*<MM3 8 0c 0>&J} V v-w(qain) <t H 2 
«E^*R5 0b<WlttlVu-v **stfc«3ft. Vv-w 
(qain) &Vu-vO»KLow«Bft*ttlASft, Vv-w(q 
am) < Vu-v <E>B#tcH i tirhBEftttU^Sft. CftK 



(«) 1WF8-3 3 1883 

14 

* s ft fc v f i - wtBGKPisnaE* i * *. 

[0080] *tt\ ftltW^ROWflUJJrCXlWFtC^* 

[008 1 1 *1 oa«B«EaWt*« 50a OWrt V w- 
uB. Ml 0>ie*s*e:8 0 a tcA^Sft&o M 1 <0fc<i 
¥ft8 0att. «ta8 1. 8 2 4, W1B8 3&-C«rt 
3ftTC'*<> * * 1 <D*Hfi*»8 0 at*. 1512 
» 1 ®ffH*E£jA^R5 0 a0tt*riM*JMB8 3G> 
+ A*B*K:«WSft, ««3 l#ltBB8 3«>-AA 
«+^6<L**«E d <D.f«]CC«flkT* J: 5 tc£tS3 
ft. Wa8 2#*«8 3©IHAHH L 4-AA«*&<?> 
■K«»Sftfc. libMBWBItt*, CCC, 
tStS8 1 = R3 feffi8 2=R4£?££. Ml C0fc*a 
«3 8 0 a <Dtt*V w-u(qain) It, 



Vw-u ... ( 1 6 a) 

5*5 8 0 bit, «a*2<DOT*WE*J«¥«5 0 b<&ttfl« 
34*f(MIB8 6co+A/?*l-t-tC*ttSft. tSt£8 4#HMi 
S8 8<J>- A^^^*a«HE d©*«Ci:»»*& 
J:$K*H*3lv «fi8 5#te*iS8 6<Dffi^«^4- 

xmz- 1 <orwim a ft*, i «n wtMB-c* 

CCV: Ktt8 4 = R3, iStt8 5 = R 4 4T^> 
4. *2<^*4a?R8 0b©a*Vu-v(q<nn) 4*. 
Vu-v ... (16b) 

A 8 Octt 95a*3<D»K«ff^^?5 0 c©W*H 
^*9*SB 8 9 © + A^WFfciftft 3ft. tStS 8 7 
S8 90-A**^^*aBS»E d^WJtc^Hii'r^ 
Jr^«C»«*3ft. *SiS8 8*i««B8 90tll*«l : 5 1 4- 
4 OHtc*tt 3 ft fc, I »*h» ^Is3ta*ilsSr'^ 
& # CCC, ftfii8 7=R3, t6tt8 8 = R4 4T^> 
4. *3<0**S#R8 0 C<D{fi^Vv-w(qcnn) 4*. 
V v-w . . . ( 1 6 c > 

[0087] Flttccur. *30tttt^R66c7tt. 
^ 1 <Z)te<i3M8 8 0a Ota* V w-u(qai n) 4 ^ 3 ©IMS] 
SE£«*R5 0c<*>aj*Vv-w <t^iWx3ft. Vw-u 
(qain) Vvhw <S>»tCL o wWE^ffl^^ft, Vw-u(q 
am) <Vv-w(DW:Hi (rhSEtffflaSft, Cfti^ 
J:D^A« (HS&HS^-) Wp 3K£4X3ft«, 
[0088] ft*, fitttt*R8 6a. 661). 66c 
ibtlfc -eft-eft, ^C. a>Mb-^^>tt«B«r 

[0089] m \ 2 it, *i0ttJ&?R66aKJ:«), 
* 1 C[)8UB«E&A#R5 0a^Vw-u 4. < 1 + 
R4/R 3 ) ©i9«i^r'*9*a3ftfc*2cr>*«i*l38 0 
b ©tt^ V u-v(qam) 4 £ tb!# O fc 4 Z<0 P - > ffiSlt 

[0090 ] (SlScc^Tcfc^tC, AH^fe^J$Xr(OW 
B C BAA 6 Oft) 3!«lfcWBl?**. Vu-v(qain) ^ 
e-*«rft*jjiJ3»BA0**ft-r. COjSJ*BB^ 
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•SH^^iift^it'^i. V*hj £Vu-v(cain) t<J> 
[0 09 1 ] 

0= (A/ (l+A) } • 60- - - (17) 

CCT, (17) S&OMt, te<i$^:^o ±12 ( 1 

7) ^6«^*AfcJ:r>X**e3M**3n4e±*i 

a= kdjss, **e = 3odtctw«s 

SJBK a - # ii»ftHJG>fiMfl* ( «»* "CMft 3 0 *« 

[0 09 2] c©0-*ttB*MBtW. SSfttiifte 
* 3 0 SDSLbiltoJ: ^ KBKW 4G>#!if * b < 4 0* 
ELbii&J: 9 K H** J: 0 »* K , 5 0 StfiLh 

[0093] o - ^{ig^aiOfetl^fi5ia^>i: 5 KjH* 
1*4C£K:J:9. fttc, *-94>jlK&B*'J£#9i C 

[ 0 0 9 4 3 HI 3 It, HI 1 teSTBRHtvfctf 4# 
lTOfli*a**W*^a>y*- + - hi?**, 
El 3*. Vw-u(qain) . Vu-v(qain) , Vv-w(qain) 

«. -en-en. »wi*A«:«46i^ci8*WLr^ 
4. 

[0095] BBWljnTJ: 5 *C, a - *&Stetti*g:4 
Mft^^3 0KW±JiD<fc^tca^nfc11 

[ o o 9 e ] c c t?»fenfc»a3 o «ja±jiA,-cc'4 

«Up , Vp . Wp £g*CCL,T. ^-^<^ttOC^ 

f> . U&MEMfe»nItt&fe4« 
[0 09 7] ttMSTfttls-CKi. ««R*Snr, 

[0098] ate, V7hfilt BISIM>** *-*«t 

M®*, Blast *->fBWt, •<oi*rn«*«:*nt 

h«*pJ*8*4Ci**C8*. ir>m«ii*Mf»-C 
fe. #WHKl*jtf*D-3rttB*lll**l4 4«r»^4C: 

[0099] < **fe« 2 > WT*c** W**W 2 ^ 
[0 1 0 0 3 H 1 41*, ^i^^^UADC*-^ 
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*:*nTBRB'Cfc4o 

[0101] plH^-r^^tc, c©o-*fiU5teEH* 
K4 4IS, W*Ute*lfcPiJl<0D-*l4»*ftffl*R4 4 
<Z>£ 1 8 0 a . ^2 0>te*S*R8 0b. IB 3 

owa^Ksoctc, -en-en, l&l <Z)y^>tt*)lf* 
*^390a, »2©y^>«0»A*R9 0b. £30 

y^>tto#ii*S9 0c«:*ftbtet«>i?*>4. cn 

>tt 0***189 0 a, 9 0b. 9 Oct*, -en 

•en. ■eswa**, *-*£naQ«E£WJT4£pa[i 

10 SE«8U*a 1 0 1 <?>aB*L 1 ocg-*,>T\ »r*®* ^ 

[0 102] *-*EpA0«E££l8IJir4W*ll«E 
*95W*K1 0 1 <MMTK^i*TlWBKii A <4. 0 1 5 
It. HOMEIUmi 0 1©««W*5«'BBB'C* 
4. 

[0103] *- ^<^En*0^ffii, PWM^a-; ^*UfiW 
r * -r wtt£nJ&'r4C ttCJ: ^-CBB^n-CC^O 

[ 0 1 0 4 ] B 1 5 cc^TcJc^ ES?£&£!§IB52 0 

uifi^aj^^n-c^^o -eur, ^sor^.-^ at£ 

fc«T4tg<$SEV 0 i. C4>=A£%£BB2 0 4 0 
ft1j±Mm®2 0 5 KA^Sn, SH32S2 0 5tC J: 
0 . M2tM«EV 0 4Hft?^|fe^lElBS2 0 4 ^ffi^ t 

^^n^o 

[0 l 05] ***fe«r-(*. BiTMo^^-r ^tb*ft* 
30 -r*ft^«£V0(*, tUSS2 0 8tcbAAdn4o * 
b-C. th$5S2 0 8frCj:D. -e^g««ffiV0t. 
^>W*J#x*f89 0a. 90b, 9 0c<DftJ0Sx^ 

a 5 > ^gs^ET^smiSEv i t#tW2sn. h i cr 

h^E^fcli. Low«E©ffla«*Ll#ilW>3n 
[0 1 063 Ai^, ^Jgco^-r < Ite'fri&r 

40 [ o i o 7 ] , gyr^o^ f-s:<D8ta&4«s J: 

[0 l 0 8] HI 4tc^T<i:^cc:, flJ l<oy^>W0» 
x*K9 0a«. iStt9 l tTtaifZJ y*9 2^fi 

?<itcg^$n. ^2oy-r>*jo^*S9 0b«, is 

Ci9 3tr^o^X^^^9 4^iS5lJ«:»tt3n. ^3 

oy^>*jo»**ia:9 0ct*, isK9 5tr^p^x 

4 ■^^9 6^jt9IJtC«^nteb<D'C^4o 
TtP^^92, 94, 9 64*. ^-ZtVimBL 
*«J!W4BiJiI«BE4«l*«l 0 10IU*«*L 1 KJ: 
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2. 94> 96<9*>, *7£J:9. StaSl. 93, 
[0 1 09] 7fP^^f ?*92. 94, 9640TT 

&m 1 6tcaT**ft, i^a;w?**sk>*<j> 

[0 1 10] 7* t*A*4 ?*lt. LED 2 0 6(0* 

r*stwtca«$nfcMO s f e t 2 0 1 *<&&* j ? 

SSL ED 2 C> 2 h ^ #*C'£ *?<:#>. WtSMEEMftW 
«34 4 4^>K '^>#W^*7^^^*>^ 

Vw-u(qain) = (1+RZ/R3) * Vwu 
Rz = (R4 * R5> / <R4+R5> - - 



<10) »PB¥8-33 1 883 

18 

* [ 0 1 1 1 ] m 1 4 k^tj:^ m 1 G>*«*ia8 0 

at*. «ia8 1. 8 2 4. W»8 3ttHWtStir^ 

*♦ »sa»i©wiaBE^i«*S5t)aa>ai 
^iW^<iS8 3c>+A^«H^«l*5n, tSlfi8 1^ 
*lsS8 3 <o- Kb$&-fr*i>&ftffi& E d ottMcigHS 
•T4J:^K:tH*Sn, iSJS 8 2 ***fl8 3 (WBttK- 

1 4 7 * a !?X A v * 9 2 46tt8 2 4&?'JtC*9<iS 
8 3©ttJ**^i-A^^40«^«8ft3n/c. l**> 
S0*Btl*IIiS#*j£3tt*o CCC. iStS8 1 =R 
3. fttS82 = R4, t4m9l=R54-r*4. SU Q 
**?S8 0 a Vtiifi Vw-u<qam) «. 



10 



. . (18a) 
< 1 9) 



4&*<> ^lil/i:, (1 + Rz/R3> 0>ttc££* 
***-C**£iV V*hi <Vwu(qain) 4tt**ffil3 

e*{sti*** S£-?t\ te*S9 1=R5*, rtc^ 
-i^^9 2tilJ;^T:#ii. 4£&31K:ttQ*&*C4ic:i: 

< 1 9 > j£<D&m&taRz **5ja3'tt, < 1 + rz 20 
/R 3 ) ott-c** ******** c 4**rar*<> 
[0 112] mmcux. S52<J>*«*K8 0bfc)t, ts 
1S8 4, 8 5 4. *«S8 6±r*Bfc3ntV*. CO 

|IK*2CMH»*E4^«5 0bOta*«3*i*58S 

Vu-v(qam) = < 1 +Rz/R3) * 
4** 0 *»£t/-C, (1 +Rz./R3) 4>itC'£g* 
WlftM^n, Vu-v <V u -v(qain) 4fr*t3ffii^ 

E*»n:i*** ae-?r, te«i93 = R5*, t+wa 

otU9) ittD$«iSfiiRz < 1 + Rz 30 

/R 3 ) 0>ttx£* **«**S!x*C 4j*1?**o 

[0113] mmcux. *34>*m?r8 o c«, 

t£8 7, 8 8 4. **i«8 9 4r*fi&^nr^*. CO 
»OI3«)*M*E^*K5 0c<)>BB**^** 
Vv-w(qam) = ( 1 +Rz /R3 > • 
4£* 0 **4t,t\ <1+Rz/R3> otters* 
**$r'**3tt, Vv-w <Vv-w<qain) 4^*M0* 
ff*f#Tl**. lot, fe»fi93 = R5*, Ti-D^X 
^y#9 4CC<t-7-C*a. **aKW9*A*C±KJ: 

( 1 9) 3fc®dJiMSftRz tPl***, <1+Rz 40 
/R3> Ott/C** ******** Cim^o 
[0 114] *fc, Ml *2, *3©y^>wo«** 

Vw-u(qam) = ( 1 + R 4/R zl> • Vw-u 
Rzl= (R3-R5)/<R3+R5). - 
4** 0 *.*4L-r, ( 1 + R4/Rzl) ©ttC*** 
***t?*«Sn, Vwu <Vw- u (qain) 4tt*ttffil* 

E*ff-ci-*. «»S9i=R5*, 

?*9 2«:cfc-?ri»«. *K»«tiWD***C4tCj: 
-7-C <2 1 ) S^J«KKRzi*?l*S1i, ( 1 + R4 
/Rzl> <0ttr:tE3! ***!***** C 4 Ai-C** 0 50 



&«»8 6<& + A**?*:*f*3tt* «*n8 4^g*s£8 
6 <Z> - A#*^ J E d <D.&«<£iS*frf * J: ^ 

cfttisn. *!S8 5>»**B8 6©att3l»i-A* 
**4QIBK:*fc<m, *«**Sn&«MS9 3AT^ 
D^;U ;>*94#, ^8 5 43WJK*«a8 60>{B 
^*4-A«^4«MB«:**Sti&, t***H«i 
*B»3*m«sn*o CCC% teia8 4=R3. fetf;8 
5 = R4, i6tt93 = R54-r*4. 1£2<Otemm 

0 bC^)ftS^Vu-v(qain) «. 
Vu-v ... (18b) 

*«89<D+A*l»TK**3ft % «K8 7^**B8 
9 <Z> - AAMH 1 ^ E d 4>JUMccttttT *ct ^ 

CC**Sn, »IS8 8 *i**S 8 90^*^4-7^3 

*^4<oiBtc»*3n, *w**snfciWE9 5tr^ 

D^^>^98^ ^SJn88 43£f)JiC**IS89^>ai 
>3**4-A**^4<^)Btt:**Stlfc, l*sb**B« 
**B^*Ja^tl*o CCC, 46ta8 7 = R3. «K8 
8=R4, t5K95 = R54T*4. *3 0*M^a8 
0cCDtt3^Vv-w<qain) tit. 
Vv-w. . . (18c) 

£3M29 0 a, 9 0D, 90c*, **V«l, *1. * 
2 . *3<0***S8 0 a . 8 0b. 80 cO>&K8 

1 8 4, 8 7«Cl»4**Lr*>HI»«C*«»t*** 
C&V7S*. 

*10**^lK8 0aCOU^V 



[0 ii5] ccomis, 

w-u(qain) ti. 



. (2 0) 
. . . (2 1) 

[ 0 1 1 6 ] H 1 7 tt, B5^1»tt* t^*i«>ii*»5 

^wc>*«ry^>*5i*3-ttfct*fl>*->*»tt 
CE*lk*a*Lfc4 *o^7-c**. 

[o 1 1 7] isigcc^rjcstc, m*tts 11*. sao 

K*. S2««A20BE«i. S3(iilft30S : S:. S4 
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ia«4 0**»tOfettJRt?*>4. fflU MA30& 
*i»(Z)»^ttS 1 , S2fcot*ri*. *|fe^(7>n-^{i 

a^a*S4 4oaj^^^^ h -recite j:->*cf»&n 

[OlldimSKt D-*liBfelB*B4 4<D 
tf5rt£MA3 0|g£O, ^hfi«rBff"C-3 0RttiB 
Ofc (3 0{£i§6iifc> <>OT*&. WttttS2fi*. P 

-^fsat#ai^i24 4*>dtt)*BA3 ota. ^ h 

KW'C- 1 0*lflBUfcfe«> , CA*p 
[01 19] * ft:, *(t«C*rt»rtt. HttimEMVfc&L 10 
10 lOBAL l«r#*C«¥Slt. ^tiS3iS4 

[0 1 2 0 ] H 1 7 Hfc»BMA0S<*>* 
*B8 0 0 0 r pm*6Bft4 0l£C9 5 0 0 r pm^ 

B. TaoOrpmrttttttt, M0*©l*^ 
**1 <0. 4N-m> tr&4«»40«t?tt. *A 
4>ft5ft<l. 98 N * m> 0>FA**£f»-a"&. 
[ 0 1 2 1 ] Hi 8 B, 8 0 0 0 r p oiT*A £ *3feIE 
0/ct«^-^*Wty?7'C^, 01 9B, 20 
6 0 0 0 r pmtIA^^Etyfc4^>^-^^ 

[0 122] C 01 8+<7>E IB, 

h*j?lN -m?, E2B. F ^ ? 2 N ■ in 

v. E3B, *-#nith^*3N • mx\ en-en, 

MA £ 2 0 4 0 ** fc»<&* - *»*1?*> 

[0 12 3] 01 94WF IB. Ml* 
MN-mt\ F2B, *-*gSh^*2N • of, 
F3B, *-3?J|«hJ^3N-m , C. eneft. MA 30 
* 2 0 $LiPt> 4 0 VtJR ~> tc&V* A > > <- * 5»$T';fe 

[0 1 24] £ft&«M*** a 6, MA £2 0*»>64 0 
&^»frfci#©*-- 1- 5W»R«TU ^ 

[0 125] W±rt> »*fl>Ml&C«9W 

[0 126] Stfc, ^ttPUtCto^-CB, 

CG>A. PUB, 7toyx^ -^^iiSSiOKt) 
♦3ic. FETfcfflt** ■eflOFET«6«««r'e!iff31i* 

Vw-u(qain) = <1+Rz?/R3) • Vw-u 



(11) 3 1 88 3 
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[0 1 2 71 *fc, *-«PiIlSEie<J:^T^:>*ftJ 

[0128] (*Jfe«3 ) WT^*«WO*fc«3«l^ 

[ 0 1 2 9 ] H 2 0 B, *««tc*$ci * 1 
EK <W 1 0*6*S*&> 8 0 a<Dte<^wB£«^in'r@Kl2l 
t?fc£o tth. S?2, *3©fc«**S80 80 etc 
-*,>-CB, C©»l«)«*a*«8 0a4iaaWC«l*Sft 

[0 13 0] isnatc^f Jc^tc, *£ttflccfctt*D- 
*(4E*ffl#fa4 4B, BJjj4^/c*«tiPlll<0P-^fea 
1#di^iS4 4 CQIK 1 <^«i||*S8 0 a (Di&iKS 2 
G. £?'J£, ii fl (nB2£Lb<DE»> <&y*>W0tf 
a?89 0 1. 90 2. . . 9 0n*J*f*bfc*>©1?*> 
&. Cft6y-<>tt*)»**B90 1. 9 0 2. 9 

ont*, -en-eft, e<Dfl9#**. ■iicciv^fcna 

C[>a«IWE*l»l*« 1 0 1. 10 2... 10 nVtitfl 
L 1 . L 2 . . . L n Kg^r, ffilEot 4 2 > 

J; -a* 
[0l3 1]3CtC, *-*^D*E£*l8J*'&iiB<0En 
*QSE*»8WM3 10 1,10 2... 1 0 n tc-9<,>ria 

lilt ^ @2 ib, mm\£mwn<mmtett^ 

[0 1 32] fflatcjSTJcStC, ^<Dr'3.-^at^r 
fc*T*flWIEV 0 B. ii«Dit#S3 0 1. 3 0 
2. - - 3 0iiKA^3ft£o eo*C. niBOtb«S3 
0 1. 3 0 2. . . 3 0nKJ:*3, f^lEVO 
i. nB©#W>W)#**B90 1. 9 0 2. .. 9 
0 il CDfcW #it ^ ^ ^ > yfcSft^T -5 nfflOS*«£EV 

1. V2. . . Vnt^th«fSn, Hiffh*SE*fc 
B. LowBEOlBAa^LK L2. . - Ln^HA 
$ft-5o 

[0 1 33] 02 0^-Tcfc^K:, y^>ttO***B 
9 0 IB, iStt9l U. 1 

^os^#a9 0 2. . 9 0n4>, etten, te»S9 1 

2. . 91ni. TtD^^^922. . 92ni 
AttWtC«t»Sftfc€><DTC^4o T+ uyxj->?92 

i. . 9 2nB. enen. ^-^enfto^E^* 1 !^^ 

EPA0SEH8WI2 10 1.. 10 nOtii^if^-L 1 . . 
L n icj: ^>"C^>, cntcJ:9l8tS9 1 1- - 

9 1 ii^M. #«MT^ # CCC. teia8 1 =R3, 
ifitt8 2 = R4 n®<?>ft*n9 11. - 9 1 n = R5 1 
1. . R5lniT^i. miO>Mu*m0a<Dftt} 
Vw-u(aain) B. 



(22) 
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(12) 



ttM¥8-3 3 188 3 



Rz2= 1/ ( 1/R4 + 1/R5 1 
±fc£ 0 teiilT, (1 + Rz2/R3> 4>ftC£*& 
<ei)S$r'««S^tl, V^u <Vw-u(qa1n) ±fc<SMHS 
E*fTCtr'*. tt-*r, iiffl<»*Stn9 1 1. . 9 1 n = 
R5 1 1. . R5ln£ 7tD^^f92 1- - 

9 2n£j:<?'cvji, #watti«w»*4citt:j:->'c 

(2 3) 550£fi^iSRz2*^S:i*t8\ ( 1 + Rz2/R 
3 ) ©ttXttS **c i^-C* * 

Vw-u(qam) = ( 1 + R4/Rz3) 
Rz3= \/ < 1/R3 + 1/R5 1 
4tt* 0 lt*4t/T> <l+R4/Rz3)<DttCtf*& 
**B*r'W<iS tt> Vw-u <Vw-u(qain) 
HE*»r^4. ffi-?t\ nlK>ttK9 11- - 9 1 n = 
R5 1 1. - R5ln£. 7tP«^^92 1- - 
9 2 nic J: ^WatctoOBfcSC^teJ^-C 
(2 5) X<9£E»gffiRz3£»I&d1* < 1 + R4/R 
z3> ©JftT'** «JM*«*A&C£*'T-&«. a*, 

[ 0 1 3 7 ] H 2 2 tt, *WHiC*tf £EPiOSE*M«^ 

toi38] i=jatc^t* ct:^oc, **tt«*ct*. w&o 

te«lkN2MpjlBaE1<HWl 0 1 t^'J^ 
0551 1 OAHitosn-cvSo 

[0 13 9] C^tXf IIJ/AHR1 1 01*, £K> ^ 
«B4 0 2±? "J >7"7U ^75 0 1 iocjr^-CfiiJS^ 

[0140] tb®S4 0 2©+AWiWtt, ^S<^t 

afiM3Zti&. tor, tfctSB4 0 2'Ci*. iS^«nv 
o twmttVKLtfrtmzn, vhkv o o»tc h i 

rhttBE*fltt73*i. Via&VOoBicLowSE^as 

[0 14 1 ] 7 'J -;7"5 0 H*. yy-fe* h<t 

£ 'J7tt£e>D3^ M v-fzrayy'X'. tttUf- # 

<D) , 7»Jt ;f (PR) , >"J7 <CL> . 
*<CLK>Art£> 3>^i^>^'JJtj^Q, NOT 
Q£»-? IT 

[0 14 2] ( D ) tZO v ? (CLK) ^, G 

? h < P R > (CAE, EnJJD«E*J8^f3 1 0 1 <?>hb«® 3 
0 1 OtHtiC 1 PAftStl. ^JT(CL) *Ctt. tt$2 
S4 0 2<DtB*C2**A*J3ft, tH*NOTQ##R<Z> 
»1. »2. *3<?>y-/>«f)»A**9 0«. 90 

b. 9 0c^A*sn^ ssffiivo, vi. vm 



1 +. . + 1/R5 1 n) - - - <2 3> 

[0 13 41**:, nfl©^>*l9M**R9 0 
1. . 9 On*. »l^«*R8 0aO«tt8 1 *cat 

[0135] C«Bd % JH l<^*«i^l38 0 a«V 
w-u(qam) tt. 

* Vw-u ... (24) 

1 +. . + l/R5iD - - - <25) 

i*. vo <£rtis> >v i >v\n<mwcn 

[0 1 4 3] 132 3 tt, fcfc*583 0 1.40 lto<MX7 

y ^70^50 1 <o\a^<DP(i»**'rH'c*4 0 

[0144] PUBccmf J: 9 «C, *S*«IV Oi»Lov 
L^**>&±m,, VK VmJrO <tt«l > 

cct*. UJSB3 0 l<DtB*«H i ^liSJd (H> £fr 
♦J. ltH»4O20tt;tottLowfl|E (L) 7 
y ^70^50 10>WrtNOTQfc*H i ph*E& 

20 ft*. 

[0 14 5]«C t «4MBEV0^VnU:#)*<a-»fc 
*3£ <#H2 > fctt, ttttB3 0 KPtii^ttH igh« 
E. tb«S4 0 2©a^tH i srh«EtftO. ?M * 
77p^7'5 0 IONIAN OTQI*H i crh«Ei«r 
4, 

[0 146] CCT\ NOTO^Hi h WRD*** . 
J»l©y^X«0#A*ttll«)y^» itr. Low 

30 [014715 etCig^SEV 0 *&J:*U VI. V HI 
JOtfKft^feUd- (t«S3> celt. HMB3 0 1«0IU 
A«Low«Et<f»J, tteS4 0 2©tBAttH i ffh 
fllEttt*), 7 'J ^ 77 0 0 1 ©1UAN0TQI* 
Lowffittt*. CO£*, :XK©^>«J9»A* 
BBCJ;-*r, S2oy^>K9J*J#*6tt* VOOft* 
it*'Cc:a>»2oy^>'CS(6dn4» 

[0148] W«c, OMMEV O^H i tr h U^^#> 
T^O, V 1 <«14) iCtt, tbM3 0 

l^a^ttH i gh«E&ttO, tt«B402«>a^tt 
40 HighSEidO, 7'J^7D^50 10U1AN 
OTQttL o wWEtilT' ^^3tt&. 

[0 149] 3 6«Ctt4MBEV03^TllO, VI. Vm 
J:Df&<ft^d££ (^S5) octt. tt^S3 0 \<Dft 
Mttt i firh«EtftO. tW3»4 0 20{B*«Low 
■EAttO, ? 'J ?77O^7'5 0 i^aS^NOTQtt 

^ISiCJr^-C. Wl^y^>tc*J0»^6tt % vocr>e 

[ 0 1 5 0 ] ®2 4 tt, *^te«(?>T - N<Mt*«* y 
50 7 7t^ «t4a, C<r)^^7tCtt. fg^«EVO<D« 
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(13) 



!ESEVl = 9 0%, fc*^U VXL^;l£!9SE'f&S 

[0 15 1] 02 4*, A Hi, rfttOOH, 
aft3 0**c*«*4*->WMt, A 21*, r*-T4 
it9 0^, MMO*fcfctt**-*IMHi* A 3 It 
r^-r^ttl 00%, jift4 0£iU<jW**-*«£ 
It. A4t*> ^*-^^Jt80«, jM4 0*t£teW* 10 
A 5 It, f^-^ttSO*, iift 3 0 

[0 15 2] HWcStfJ:^ r^.-r^tt^±35 
1*r V » < f^-fv lb* 0 Jfcfc 6 9 0 %tC tt 

**r\ jtft3 0*-CiHESn* o T**> 

fc. <tb#9 02**?SS<7>££&, A 

[0 15 3] 4 0%&%Z> mn&3 

0 4 0*ttr*!IO CtUCJcO, t*-T4 
lW90«fl)il *-*«S«*#JJ?orA2<Dtt 20 
W4±K:»fTr4. Tfcfc^ r»-*vtt#9O*60> 
lg£Kl*, *-*t*, A2±rjM££4V& 0 

[0 1 54] -tor, r*-r v*fc#9 0%a>*> 1 0 0 

s«r\ «ft4 0*r'jWEsn*o c©*-& 

ca*. A2iA3<Dra<D»^rat55n4o 

[0 155] y»-^^H;«:TI»S*'Ct*<»&«:tt, 
> jW, ±#B<Dr*-^ at 9 096*68 QHU&M 

[0l5 6]ffi9T, 7* -^fc£Tfti*1*r 30 
f^-?<f it** 1 0 0 8 0 KtCtt &£ 

r. M^ott-cscsnft. r 

a-?^8 0«tttil4i»li. *-*t*. A3i 
A 4 3 ft *<> 

[0157] ?*-T4itp9Q%ic&i>t* mn&4 

tt#80%<D££, *~*#B*5»#TRorA5<Dll 

ig^Kt*, A5±r'S*s$ft4o 
[0 158]* Or, r <ttbP8 0tt*6 0»6* 40 
r. *-*t*. itft3 0Krs^$ti4o co*8£tc 

[0 1 5 9] C<D£*>lC $**fe«T'&, ig^SEVO 
X^l>^A£tfcii&C£KJ:*?r. ittel£H<Z>tfc*:£: 

[0160] **Bfln*, *»«2o>Ertfi]«i 
♦jm^ri o i tctxr »j^*bbi i o^waisnr 50 



•WW8-3 3 1 88 3 

24 

1***5, *&wn*, H*<B*MWiR**f\ P 

jtt»MM3On«Xpl0lEWfftl 0 1- - 1 
0 n tctt O r n IB<0 1 x 5* u S'XBB £ ttttl or 4 J: 

[0161] <«JKM5 ) JyT^**W<0*tepiJ5CC^> 

c*r*ptHffi*i*JHorKW*4 0 

[0 162] 0251*, *t^7^U^DC^^ 
0«Hitt4>BMMai¥JS4 50««Wl*5i*^o ? >? 
mr&£o 

[0163] BBJC^-r J: 9tc, Sgft*HS*S:4 51*, 
t. P-^ttB»{B*«440«MB5r^5>^^tH* 
■T4lti*>**->»*HB9±, HIEIfflHH 

rpwM^g ?'4emm>* 3 **?zf*7<o 

pjsg) PWMfl^P 1 £ffl*T&PWM*M8lBB <PW 
MH^BB) 10±, ^-7**>*Hi*K7 1 
tt«***B7 2±, x*s^fB#«7 3±rl«*3n 
ri>£ 0 

[0164] **ft«r«. P-#f4Hftai*ft4 4 0> 

as* (nsfegfi^) Up v P , w P ^ ^n-en, 

* 3 ?7:fr>t£a*!B!7 lKJr^rPWM^a^^WSD 

[ 0 1 6 5 ] * l/C , Pf1»tB3g««3 7 2 cci: 9 . a3^) 
> - >|fe4BB9 wm&Q&m^^* - >a*CC^ 

[ 0 1 6 6 ] x *s*fc8H*R7 3 5±. COPItttBiitR^ 
K7 2<DtK^ (WBBH) P20^^^iT4ff 
«co-jSr'<^x^y€rS»S-a:4 <fclBtf*> . COX 
^s>»[B*s:7 3<Dffl^ (ttflB«^-) P4fcJ:a c PWM 
M9BB1 ocottt* (PWMit^) p nt -en-en, 

ffl*'**->*4B»9«:Aa3n*. 
[0 1 67] -tLr, ffl*A^->^4B»9^*>, -X 
<p|BWi^H*->*w>^* K^^^B»8«:A* 

^-r^BB8{CJ:*J, Y>^-#4 3cogh 

Ta+, Tb+. Tc+. Ta- , Tb- , Tc-^-e 

[0 1 68] 02 6 It ^3->^>^tfi^K7 l, Ptl 
«[«««*« 7 2 to J: CXx t^UH¥8t7 3 <D«le)t«€: 
TnTBBB, 02 7tt B2 6 (C^TBBOttff 

[0 1 6 9 ] cn^cOEiC^J:^^. 

, vp. wp &m.mmmE<i±tmutc&M^uv 

s, Vps. WpstC*»T4fc«>©|fta^77^7 0a, 7 
0b. TOci. 3-WANDBR10 1, 10 2, 1 
03^6WANDy-H00t. 3o(^)EX-OR 
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SHI 1 1, 112, 11 3*>*fr*EX-0R'/W * 
1 1 0i-CH«Sn* o ANDy-M OOKtt. BuSB 
^ffifi^-Ups. Vps, Wps<t, «BPWM«*P1^A 

^3m> 0 ANDy-n 0 03^61*. pwmimpi 

Affl^> Ups+ . Vps+ . Wps+ aNttASn^. *0>& 
Bftt* t TIB < 2 6 a > . < 2 6 b > . ( 2 6 c > 5W> 

[0 170] Ups+ = Ups ♦ P I - - . (26 a) 
Vps+ =Vps* PI... (26b> 10 
Wps+ =Wps* PI. . . <2 6 O * 

Ups- =NOT (Ups* ) • P 1 +Ups+ 
Vps- =NOT (Vps* ) * P 1 +Vps+ 
Wps- =NOT (Wps+ ) • P 1 +Wps+ 



[0l72]CCt\ NOT<Ups+), NOT <Vps 

+ > . not < wps+ > . not (Pi) i*, -ttve 

n. Ups+ , Vps+ , Wps+ , P lOS^&ic?, 
[0 173] Cftfcr-*ft^Up5 + . Vps+ . Wps + 

, ups- . vps- . wps- \t. >7ti>mgitcm 

[0174] n*tB3MR?fK7 2 it. 1 2 

l£ 3oC[)AND@R2 0 1, 2 0 2, 2 0 3*»bfe 
*ANDy-H20 0±. OR y- h 2 1 0 i^'iS/Si* 

[0175] ^'-**g^Ups+ , Vp S+ , Wps4 . Ups 
- . Vps- , Wps- li, ^-*«RB1 2 1 
^£bTr-*IStRSl 2 lttA^Sti*. 

[0176]-*, C<»MHIW»J»7 2 MA 
> * £ - >ffe±SlK5 9 fciiirt 3 n&«SMi^> * * - > T 
ad4, Tbd+, Tcd+, Tad-, T b d - , T 
cd- tcS-^-C, P9tttlAR€^S 1, S2. S3** 

[0 17 7] CO^, W*^-oll£IIIK9^6tfi 
a*ft&!BflfM><*-->Tad+, Tbd+, Tcd + 

, Tad-, Tbd-, Tcd-ti, AND y— h 2 
OOfcAASfV Cfl>ANDy-F200KlJ:9. fl^ 
Kl. K2, K3WM 0 Ctl6B^-Kl. K 
2. K3(*, 0RyW2 1 (KCAASft. ORy-h 

2 i OKcto. (Btttaa««^s i^*j«3n-5. * 
fc. mmmm^sztisx, w»h>->tu 

d + £&ffib ratttlig«fI^S3£t>t\ Tcd + & 
Kl. K2, K3fcJ:tfS * 
n-etl, (28a), (28b), < 28 c 

(2 9) xoa9r«>& 

[0178] 

K 1 =Tad+ * Ted- . . - (28a) 

K2=Tbd+-Tad-... (28b) 

K3=Tcd+-Tbd--- (28c) 



(14) WP8-3 3 1 883 

26 

EX-ORy- h 1 1 OKtit, mS^-JMUi** , 
Vp S+ , Wps* £, fjISPWMif^-P l*A*Sft4« 
EX-ORy-hl 10^*>(*, pKaPWMMPIO 
^ 3 7 7*»l!PJ<3>if^»Ups+ . Vps+ , Wps+ K 

WL-caaft-c-tn-en 1 8 oa&tiosnfc* 3 ? 7 

*>X9ffl<D^B«»iO-C. r-^ft-^Ups- . Vps- 
, Wps- #fHA3ft«. *<o»HWW:, Tie (2 7 
a). (27 b), (2 7 c) 5S<?>il9'C'fc&, 
[0171] 
[*2] 

• NOT (PI) " " * (27a) 

• NOT (Pi) • • • (2Tb) 

• NOT (PI) • ' • (27c) 

S 1 =K 1 +K2 + K3 ... (29) 
CtlfcHtttHMJWMS 1 . S2, S3t*, *ft*n. 



r- *}M«g 1 2 1 KArtSft* r- ^SMftS 1 2 1 tc 
J:0. HI 2 8 ^ X . filar- 
20 Ups+ , Vps+ . Wps+ . Ups- , Vps- , Wps-<D§ 

•? ©wtt«ra©^ig«$ n, ratttam^p 2 $ 

n*. e©PHMWMP2 4*, x?*HMH*8t7acA 

[0 1 7 9] x*Vft{B*fc7 3tt. 
3 1 1 *>>-?Jl*3 1 2±-ClfcS3n*. 

[0 1 80] RHMtm9P2tt. **\ 
3 1 ltcA^Sn^o tfcts^k*Z 1 l«i> 5B»tBfl 
^P2<OS^ajUA<DX-^^ (i^i^Ox^) 

ftRii^3>f>*CiWttlli lKUc-yr* 
^£tt&K^;UiC"^l'*fi^P 3^W^t*^ 0 
[0181] CCD-t^^^3 1 TSt>^, 
/^^{I^P3t*. *^-7^^3 1 ZtCAfiZtlZo IS 
^y-?jU^3 1 2li, /^^if^P3<©SI?J<D^^A(7> 

x ? ^tcra w L "C h 'J ^7^tb, c nic d: 0 , *Hitt*stt 

R 2 tJ^fttfa^^^C 2<^>B#*!S t 2 OCJ: 

40 [ 0 1 8 2 ] c cx\ pafetBff^P 24*, griapwMm 
b-c^aj^n^* patt+im^P2ca*. ifttux^^ix 

[0 183] C©A/W*Sffi<Dft£*4S>ytt, ^ 
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«4»feiifc«»«««rlf5o 3 1 ie>B#S* 

1 . 5 T< t 1 ( = C 1 ♦ R 1 ) <2. 

KU:-»i:fc*Sh4*» *tr>*JHWT (T = l/fc 

[0 1 8 5] |&J|t£or<'{*;M»P3*ft6« C<*»< 

±ii/Uc p - *fiatefflfi^tctti£'r * 0 io 

[0 186]CCT\ Mfte#3 0a«^WHttB* 
3 0ftWhL^aSil«rtfofc«««im a «^. >W 
^if^ P 3 0 ^ * fcT# 0 x ? 

yg-COiMI <^JUA«P30!>ii*X*) I*. 3 OS 
itt/Udfcaj x * S> 4 , l^&OSijfc* - k vm\ h X >\ 

[0 187] -t^Jt'* 3 1 2li, ^XH^P3<D:& 

sn^/oux«tiQ*aBit^P4^as*'r^« 

[oi8 8] tssior. mmm^p2v>mn<z»i)i> 20 

»te ft < . fttciEIItt 3 0 IfcGLLfeltt P - #iia 
MHflW. facto*, 

[0189] cnjmc&mMvai. p-^fia^as 

[0190] ae* t »w*tti«fc9Pift 
1*. £ « * - > nr-afiKfc* 

r-*ii«gl 2 1*K ?-^{f^Ups+ , Vps+ , W 

ps+ . ups- . vps- , wps- <^>s^Mft«ira<o**s 

«L. ■fttBMP2*WW*J:5«:«Wli/'Ct>J: 
[0 1 9 1 ] «ri2?-^S-^*"e^^>«Cifitfffi 

[0192] <**fe«6 > «TKi**W«4Bfcrt6^* 

r»«Hffl*»Bbr*Miir*o 

[0 19 3] 0291*. *»H©r5^U^DC*-* 
[0 1 94] BB*c*f ct^tci, 



4M78-3 3 188 3 
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»t 1 OWfcStttt, TI2 < 3 0 > StoilO ±T*<W 

[0184] 

0T- - . (3 0) 

DC*-$V>m&l&&\*. n-*tiKfc**B:4 4rt>& 
ctt&S&afi^Up , Vp Wp tcS^ -C£js!£3 ttfc 
*ttB«^P4*6 % :/?>uxDC*-*4 0<Z>B«« 

[0195] x 9 ^teW#S7 3 Vibfi 

m. m**i!'7hWR&*m 40 o#»#3n, 

MSJIM 0 0©HtfrtlK. Hyj>**->**BIS9*4» 

tt£*m*&. coma. x?^a**7 3*6tiai 
Sf>4 0 0 Kfcaiwp 4#;jj8tt. mmu 0 ot*, 

CC0ttiaOTP4tt« v *»-c % ay^'*~->*£BB9 

[0196] CO*«D«4 0 0 ti, W*K, 

k Z-i^fj*?^*? {$<<^) , CPUfci:y'ROMi> 
EEPROM3<^*^£*;ifc^*P^>t:^ 
♦-CHWlsnriaO, x^^»a*l37 3^fe©^aSft 
^P4*KS^*«to&(4fBV7 H^t-T^ct^ti: 

[0197]C £>*S-&> M«Ptf 4 0 0 *64>*KKIK:ttl 

^*->«HB9*6. :X«0!B9Ha^^->Ta 
d+. TDd+. Tcd+. Tad-. Tbd- Tc 

[0198] ftfttWi. *MMP-*ia^9 
i d = 0Hlffl)> 

Si. «^LK, o-^tia*m*»4 4KJ:*tWlija (ft 
ffl«£> 6«KAt?3 0«iitfJ:^R«O. M»34 
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